Phorbol ester binding and activation of protein kinase C on triton X-100 mixed micelles containing phosphatidylserine.
A mixed micellar assay for the binding of phorbol-esters to protein kinase C was developed to investigate the specificity and stoichiometry of phospholipid cofactor dependence and oligomeric state of protein kinase C (Ca2+/phospholipid-dependent enzyme) required for phorbol ester binding. [3H]Phorbol dibutyrate was bound to protein kinase C in the presence of Triton X-100 mixed micelles containing 20 mol % phosphatidylserine (PS) in a calcium-dependent manner with a Kd of 5 X 10(-9) M. The [3H]phorbol dibutyrate X protein kinase C . Triton X-100 . PS mixed micellar complex eluted on a Sephacryl S-200 molecular sieve at an Mr of approximately 200,000; this demonstrates that monomeric protein kinase C binds phorbol dibutyrate. This conclusion was supported by molecular sieve chromatography of a similar complex where Triton X-100 was replaced with beta-octylglucoside. Phorbol dibutyrate activation of protein kinase C in Triton X-100/PS mixed micelles occurred and was dependent on calcium. The PS dependence of both phorbol ester activation and binding to protein kinase C lagged initially and then was highly cooperative. The minimal mole per cent PS required was strongly dependent on the concentration of phorbol dibutyrate or phorbol myristic acetate employed. Even at the highest concentration of phorbol ester tested, a minimum of 3 mol % PS was required; this indicates that approximately four molecules of PS are required. [3H]Phorbol dibutyrate binding was independent of micelle number at 20 mol % PS. The phospholipid dependencies of phorbol ester binding and activation were similar, with PS being the most effective; anionic phospholipids (cardiolipin, phosphatidic acid, and phosphatidylglycerol were less effective, whereas phosphatidylcholine, phosphatidylethanolamine, and sphingomyelin did not support binding or activation. sn-1,2-Dioleoylglycerol displaced [3H]phorbol dibutyrate quantitatively and competitively. The data are discussed in relation to a molecular model of protein kinase C activation.